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Patients. Over an 18-method period tracheal fluid was aspirated from 115 newborn infants of high risk pregnancies during resuscitation at birth for the assessment of pulmonary maturity; GA ranged widely from 24 to 40 wk and birth weights from 570 to 4050 g. The numbers of babies related to GA groups and sex are listed in Table 1 . Following resuscitation at delivery, chest radiographs determined the working clinical diagnosis for infants with clinical respiratory distress requiring intubation and assisted ventilation and for those needing only supplementary oxygen. RDS was diagnosed in 41 ventilated infants (GA 24 to 35 wk) based on x-ray presence of a diffuse reticular-granular pattern in the lung parenchyma and air bronchograms ( Table I) ; six of these infants died. Wet lung was noted in 19 infants (GA 24-34 wk) where chest radiographs showed normal lung aeration with increased perihilar markings and fluid in the fissures and 11 required mechanical ventilation (Table 1) . Five infants were ventilated for other causes, three with focal pneumonias, one with pulmonary hypoplasia, and one with septicemia. Ten infants were ventilated for apnea of prematurity (GA <30 wk, birth weight <1420 g). These babies had normal initial chest xrays. A 32-wk infant who was ventilated for severe apnea died of herpes encephalitis at the age of 9 days (Table I) .
All samples were obtained within 3 h of delivery using no. 6 DeLee suction catheters (Argyle, St. Louis, MO) introduced either into the endotracheal tube in the intubated baby or directly below the cords into the trachea under direct vision laryngoscopy during resuscitation. In 27 of the intubated babies an additional 41 serial tracheal aspirates were obtained (43% within the 1st h oflife, 34% in the 2nd h, and 16% in the 3rd h) in order to assess changes in tracheal fluid LIS with time after birth . Amniotic fluid, sampled within 2 h ofdelivery, was comapred with tracheal fluid obtained in 24 infants. Twenty (83%) were amniocentesis samples obtained during Cesarian section deliveries while four were collected at the time of artificial rupture of the membranes within 2 h of delivery.
LIS ratio determination . A new analytical procedure for the determination of LIS in amniotic fluid has been described and is based on the separation oflecithin and sphingomyelin in Folch extracts of amniotic fluid by normal phase HPLe. This method has proved to be very sensitive, rapid and precise (12 Determining fetal pulmonary maturity by measuring LIS ratios in amniotic fluid as an index of surfactant activity has been a standard practice in obstetrics for many years (1). The presence of an immature LIS ratio in high risk pregnancies has influenced the timing of delivery in order to decrease the incidence of the RDS in the premature newborn infant. Replacement surfactant therapy for newborn infants with RDS has recently been introduced in several newborn centers and shown to ameliorate the severity of the course of the disease (2-6). This exciting new approach in treatment may rely on a clinical and radiological diagnosis of RDS (2-5), which can be imprecise, as not all prematurely born infants with respiratory symptoms have a primary pulmonary surfactant deficiency. Estimations of surfactant activity measured in tracheal fluid aspirated directly at or shortly after birth have been reported in human infants (6) (7) (8) (9) (10) . The determination of LIS ratios in these studies have been made by the TLC procedure on lipid extracts of fluid, a method commonly used for larger volumes of amniotic fluid. This • pneumonia (n = 3), sepsis (n = 1), hypoplasia (n = 1). a 3-cm silica guard column. The mobile phase was acetonitrile:methanol:water (65:21:14). All solvents were reagent grade from Burdick and Jackson, Muskegon, MI. Chromatography was at ambient temperature with a flow rate of 1.9 ml/min and detection was by UV absorption at 205 nm. Lecithin and sphingomyelin eluted with retention times of 5 to 6 min and 8 to 9 min, respectively (12) , and LIS ratios were computed with an online integrator (Hewlett-Packard 3390A). We used the same column manufacturer (Waters) in all our studies and observed no intercolumn variation. However, retention times and elution pattern may vary considerably with silica columns from other manufacturers. Details of the method precision (3-7% CV) and recovery of phospholipids (77-85%) have been described previously (12) . For the analysis of LIS ratios in tracheal fluid the procedure has been modified as follows: tracheal fluid specimens were frozen at -20°C immediately upon receipt in the laboratory and stored for batch analyses. Frozen samples were thawed just prior to analysis. The fluid in the suction catheters was rinsed out with 1.8 ml of 0.9% NaCI (w/v) into glass centrifuge tubes. The amount of fluid normally collected was very small (rarely exceeding 100 JLI), usually barely visible in the tubing and only rarely reaching the trap. The transfer of fluid from the catheters was facilitated by the use of a hemostat used to "milk" the saline/ sample through the catheter. Whenever it contained fluid the trap was also rinsed out with saline. The diluted specimen was mixed to homogeneity by thoroughly vortexing for 5 min and then centrifuged at 1000 x g for 5 min to remove cells and debris. Clear supernatant (1.5 ml) was extracted with 1.5 ml of methanol and 3.0 ml of chloroform by the procedure described previously (12) . Blood and meconium-stained specimens were rejected. The final dried extract was redissolved in 50 JLI of methanol and 10 JLI were injected onto the column. Repeat injections (up to 40 JLI) were made as required for samples containing low amounts of phospholipid.
RESULTS
Values for LIS ratios measured in tracheal fluid aspirates obtained from 115 newborn infants ranged from 3 to over 100 (Fig. I) . Quantitation at levels> 100 was not precise due to poor resolution of peaks as a result of the large lecithin peak overlapping with the sphingomyelin. At GA of 24 to 35 wk the ratios ranged widely (>3 to > 100) whereas the ratios were all above 20 for babies in the GA range 36 to 40 wk (Fig. 1) . Forty-one ventilated infants were diagnosed clinically and radiologically as having RDS (Table 1 ) and all had LIS ratios of~15 (Fig. 1) . Seventy-four infants did not have radiological evidence of RDS (Table I ) and in 67 of these the LIS ratios were> 15 whereas in seven they were~15 (Fig. I) . Three of these latter infants (GA 28, 29, and 34 wk) were diagnosed as having wet lung on chest x-ray and the less mature infant required mechanical ventilation (Fig. 1) . The other four infants had initial normal chest radiographs after birth (GA 27,29,33, and 34 wk), two of whom (GA 27 and 29 wk) were ventilated for apnea (Fig. 1) . Of the 74 infants who did not have RDS, 27 required assisted mechanical ventilation for wet lung in 11, apnea of prematurity in 11, and five for other causes (Table I, Fig. I ).
From these results an arbitrary value for pulmonary maturity was set at an LIS ratio of> 15. The specificity (indicating absence ofRDS) for these 115 infants was 91% (67/74) and the sensitivity (indicating the presence of RDS) was 100% (41/41) at LIS~15 ( Table 2) . Forty-one additional serial LIS ratios were obtained in 27 infants, th e majority by 3 h of age. In nine in fants with RDS, the serial LIS ratio s were all immature (.,;15) and changed little with time after birth (Fig. 2) . Of 18 non-RDS infants the LIS ratios were mature (> 15) in all bu t two. In these two infants the early LIS ratios were immature, 13 and 14 respectively, obtained at 6 and 13 min of age. They rose to mature levels on subsequent DISCUSSION We have described th e application of a new HPLC method (12) for the measurement of LI S ratios in small amounts of tracheal fluid obtained from neonates in the first 3 h oflife. This method correctly predicted all 41 cases of RDS (100% sensitive) with an arbitrarily selected limit of LIS = "; 15. The procedure has some advantages over traditional TLC. Analyses failure because of sample insufficiency (I, 7) were few and pooling of serial tracheal fluid aspirates (9) was not necessary due to the high degree of sensitivity achieved with this HPLC method. Failures did occur when aspirates were contaminated with blood or meco nium as with other methods. Quantitation was imprecise when measured LIS ratios were high (> 100) due to an overlapping lecithin peak, although these ratios were clearly mature. The HPLC method also has the advantage of being relatively fast. An individual determination performed by duplicate injections of the lipid extract can be achieved in under 30 min compared to 3 or 4 times as long by one or two dimensional TLC. It should be noted that PG cannot be fractionated by this system (12) and therefore cannot be measured simultaneously. As discussed extensively in our earlier report (12) UV detection monitors changes in both the unsaturated and saturated lecithins. However, it appears to do so with greater sensitivity and over a wider quantitative range than traditional TLC methods employing densi tometric scanning.
Meas uring LIS ratios soon after birth in tracheal fluid aspirates may be more direct than ratios meas ured either from gastric (9, 10) or hypopharyngeal fluids (7) (8) (9) , because of the possible admixt ure and dilution effect from pharyngeal or swallowed amniotic fluid where the ratios are lower (Fig. 3) . Higher phospho lipid levels in tracheal aspirates compared to amniotic fluid have also been reported in full-term infants (13) and in fetal sheep (14) .
Seven infants in this study who did not have radiological evidence of RDS had immature LIS ratios (.,;15). Three were diagnosed as wet lung while four had normal chest radiographs. Mechanical ventilation was not needed in four of the seven (Fig.  I) . Subseq uent serial measurements in two of these infants indicated higher mature LIS ratios (Fig. 2) . This lack of RD S in the presence of immature LIS ratios has been reported by others using different methods (7, 9) and may reflect the fact that the movement of surfactant from the alveoli into the central airways is dependent on adequate alveolar ventilation (15) . This may also explain the large and rapid increases seen with time in several non-RDS infants (Fig. 2) . Our data suggest that a firm diagnosis of pulmonary maturity shortly after birth may be governed by the establishment of sustained and adequate infant respiration.
This sensitive and rapid HPLC method for determining LIS ratios in sma ll volume tracheal aspirate samples taken shortly after birth has also been used successfully for similar measurements in amniotic fluids (12) . This method has the potential of diagnosing a surfactant deficiency in early RDS and may be useful in the assessment of surfactant replacement and mechanical venti lato r therapies. sampling (Fig. 2) . Large changes in ratios were seen in four of the non-RDS infa nts, two cha nged little after birth (Fig. 2) and those> 100 could not be quantiated further. The range of GA was 24 to 39 wk with birth weights between 570 to 3240 g. Am niotic fluids obtained within 2 h of delivery during labor were meas ured for LIS ratios and compared to tracheal fluid samples aspirated after birth in 24 in fants (Fig. 3) . Regression analysis showed a significant correlation (r = 0.81 , P < 0.001).
Tracheal fluid LIS ratios were higher (approximately 3 times) than those obtained in the amniotic fluids. Ten infants in this group had clinical and radiological signs of RDS while 14 did not (Fig. 3) . GA ranged from 26 to 39 wk and birth weight 700 to 3470 g. 
